EVALUATION OF ELECTRO-OSMOTIC FLOW

Introduction
In recent decades, after introducing micro-and nanofabrication technologies, several possibilities in the case of micro-and nanofluidic devices have been invented. This idea has been followed by some modern technologies such as Lab-on-a-Chip.
One of the most important subsystems of the micro-and nanofluidic devices is their passage or "Micro-and Nanochannel". Nanochannel term is referred to channels with hydraulic diameter less than 100 nanometers [1] . By decrease in size and hydraulic diameter some of the physical parameters such as surface tension will be more significant while they are negligible in normal sizes.
Concentrating surface loads in liquid -solid interface makes the electrical double layer (EDL) to be existed. If the loads are concentrated in the end of nanochannels, a potential difference will be generated that forces the ions in the nanochannel. However, induced electric field is discharged by electric conduction of the electrolyte.
The first significant work that was done in the literature belongs to 1870 that Helmholtz introduced the EDL. According to this finding, flow and electricity parameters for electro-osmotic transport were detected. Electroosmotic processes have been utilized since 1930s. Modern theoretical progresses in the case of electro-osmotic flow can be found in [2] [3] [4] [5] [6] . Burgreen and Nakache [2] and Oshima and Kondo [3] studied the flow between two parallel --------------THERMAL SCIENCE, Year 2012, Vol. 16, No. 5, pp. 1297 16, No. 5, pp. -1302 plates. Also, Rice and Whitehead [4] , Lu and Chan [5] and Ke and Liu [6] studied the flow in capillary tube. Recently these kinds of problems have been analyzed by some researchers using analytical methods [7] [8] [9] . By the way, some papers consider curvilinear co-ordinates in this case [10, 11] . Also, all of them studied the problem with existence of the pressure gradient while in the modern applications, the pressure gradient can be eliminated and consequently, solving the problem considering this fact is necessary. In this paper, it will be studied in a nano-channel by homotopy perturbation method (HPM) and next, results will be compared by numerical one.
Mathematical modeling
For a long and wide channel as shown in fig. 1 , in [12] , equations governing the electro-osmotic phenomena for rectilinear co-ordinates system have been investigated. 
These equations represent Poisson-Boltzmann, Navier-Stokes, and conservation of species equations, respectively, x + is the mole fraction of cation, x --the mole fraction of anion, u -the dimensionless velocity, β -the ionic strength, ε -the Debye-Huckel length, τ -the shear stress and φ -the dimensionless potential. The boundary conditions are: With discrete modeling and simplification of eq. (4):
where x + and x -are the mole fraction of cation and anion at the channel wall, respectively.
Homotopy perturbation method
To illustrate the basic ideas of this method [13] , we consider the following equation:
With the boundary condition:
where A is a general differential operator, B -a boundary operator, f (r) -a known analytical function, and Γ is the boundary of the domain Ω. A can be divided into two parts which are L and N, where L is linear and N is non-linear. Equation (10) can therefore be rewritten as:
Homotopy perturbation structure is shown as follows:
where
In (10), p ∈ [0, 1] is an embedding parameter and u 0 is the first approximation that satisfies the boundary condition. We can assume that the solution of (10) can be written as a power series in p, as following:
And the best approximation for solution is:
Solving problem by homotopy perturbation method
By assuming the convenient first guess, the following solution will be achieved: 
By comparing the results of numerical simulations and HPM solution, tabs. 1-2 can be developed. 
Conclusions
In this work, our main concern has been to study applicability of HPM in solving a non-linear singular differential equation. The example presented here is equations governing electro-osmotic flow inside a nano-channel. An approximation to the analytic solution was obtained by applying the HPM [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . A comparison of the results between numerical solution and HPM solution are given. It suggests that the HPM is accurate, reliable and easy to use. Furthermore, as it can be seen in tabs. 1 and 2, in some cases, the result that has been obtained from HPM has more consistency with numerical ones. The nearer to the nano-channel wall, as it can be easily seen, over 95% of the solution field, HPM results have consistency with numerical results. After all, we can accept HPM as well. HPM has its own weaknesses as well. The most important limitation in using HPM is finding first guess of a homotopic function v 0 . Consequently, if first guess of the homotopic function is not approached correctly, solution will be kept on without any alarm. As a result, after simulation, validation with other methods is mandatory in order to avoid wrong approaches. As it has been mentioned, results in this paper are validated by numerical method. 
